d-Tubocurarine
(dTC) is generally recognized as a postsynaptic blocker which inhibits neuromuscular transmission by acting competitively on the acetylcholine (ACh) receptors in the postsynaptic membrane.
This view is supported by a number of papers reporting that this drug has little or no effect on the presynaptic processes in the neuromuscular transmission.2) ,s) ,~) lo) However, there have been several reports suggesting a presynaptic effect of dTC.I),5) According to the data of Beani et al.,l) dTC did not modify the spontaneous release of ACh at rest but reduced the ACh output from the stimulated phrenic nerve-diaphragm preparation of the guinea pig. A presynaptic effect of dTC was also reported by Hubbard et a1.5) with rat diaphragm preparations.
Their data showed that the drug diminished the rate of mobilization of transmitter.
In 1969, Maeno and Edwards9) reported a new experimental procedure to analyze the precise site of action of drugs with presynaptic effects. Continuous low frequency stimulation of the nerve fiber of the Mg-blocked sciatic nerve-sartorius muscle preparations of the frog revealed that the end-plate potential (EPP) was potentiated with an increase in stimulation frequency.
The relation between the mean quantal content of the EPP (m), calculated from coefficient of variation of the EPP responses, and the frequency of stimulation (f) was found to be expressed by the following simple equation :
log m=log mo+kf where mo is the value of m extrapolated to f =O, and k is denoted as the coefficient of frequency facilitation.
This change in m with f was termed frequency facilitation of the EPP.
Further, they suggested on theoretical grounds that changes in mo after administration of certain drugs should be ascribed to modification by these drugs in the probability of release of the ACh quanta, and that alterations of k should be attributed to effects of those agents on the process by which transmitter is mobilized. In the present study the frequency facilitation technique was used to see whether dTC has any presynaptic effect and to analyze its exact site of action on the presynaptic processes of neuromuscular transmission. The materials and methods were the same as those described previously.9~ Commercially available dTC solution (Amelizol, Yoshitomi Pharmaceuticals) was used in the present investigation. Because of the considerable reduction in the EPP amplitude after an application of dTC in concentration of 10-6 g/ml, the concentration of Mg++ was adjusted to 10-13 mM, and preparations with intermediate values of mo (about 5,1-2 failures in EPP responses during 200 stimulations at 0.5 c/s) were selected in the present experiments.
An example of the effect of dTC on the steady state amplitude of the EPP responses during prolonged repetitve stimulation at low frequencies is shown in Fig. 1 . As is evident in this figure, with an increase in the frequency of stimulation the amplitude of EPP was potentiated and the relative fluctuation or the coefficient of variation of the EPP amplitude became less marked.
After exposure to 10-6 dTC, the quantal amplitude of EPP (v), which is an index of the However, the signal/noise ratio was not too unfavorable as long as m was larger than about 5 and the resistance of the microelectrode was less than 10 M, 2 .
At the stimulation frequency of 0.5 c/s, the effect of dTC appeared to be only on the postsynaptic membrane.
Statistical analysis of a series of EPP records showed that although the mean amplitude of the EPP was depressed considerably with dTC, the coefficient of variation of the EPP amplitude in a train of record, which is inversely proportional to the square root of the mean quantal content of EPP, seemed to remain unchanged.
At higher frequencies of stimulation (more than 4 c/s), on the other hand, dTC not only decreased the postsynaptic sensitivity to ACh molecules but also modified the transmitter output from the motor nerve terminals by increasing the coefficient of variation of the EPP amplitude.
In other words, dTC affected both the pre-and postsynaptic processes at higher frequencies of stimulation.
Such dual effect of dTC on the neuromuscular transmission was analyzed further by calculating the values of m0, k and v from the frequency facilitation experiments.
As indicated Fig. 2 . Effect of 10.6 dTC on the frequency facilitation of the EPP.
Open circles show control, and filled circles are for 106 dTC. Abscissa, frequency of stimulation; ordinate, mean quantal content of the EPP (m).
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Effect of d-Tubocurarine on Neuromuscular Transmission 753 clearly in Fig. 2 and Table I , 10-6 dTC affected the frequency facilitation relation by reducing k without any alteration in m0.
According to the theoretical prediction by Maeno and Edwards,9~ the above specific effect of dTC on k should be due to its selective action on the transmitter mobilizing process in the motor nerve terminals.
Thus, the present results confirm the finding by Hubbard et a1.5~ that dTC diminishes the rate of mobilization of transmitter. The failure of Beranek and Vyskocil2> to prove that dTC has both the pre-and postsynaptic actions on the Mg-blocked rat diaphragm preparations might be ascribed to low concentrations of dTC applied in their experiments
(1-4 x 10-8 g/ml compared to 10-6 g/ml in the present paper).
In the present experiments, dTC was found to exert no effect on m0. Since m0 is the product of the release probability of the available ACh quanta (p) and the amount of available ACh quanta under the resting condition (A0), i.e. mo=pA0, dTC seemed to have no effect on both p and A0. Because p has been known to be affected by alterations in the electrical parameters of the motor nerve terminal4~'7~ the above finding might explain why Katz and Miledi6~ and Chang et al.3~ observed no change in the wave form of the terminal spike potentials after an administration of dTC. Similarly, the initial rate of tetanic rundown of the amplitude of EPP during a train of repetitive stimulation has been shown to be related to the release probability (p) .8) '10) Consequently, it may be expected from the present data that the rate of early tetanic rundown of the 
